In this work, the ability of chrome shavings and of crust leather buffing dusts to remove dyes from aqueous solutions has been studied. Buffing dusts proved to be a much better adsorbent than chrome shavings for cationic dyes. The adsorption of anionic dyes is very important on two studied wastes. The pH has an obvious influence on the adsorption of dyes. Adsorption of cationic dyes is less favourable under acidic conditions (pH <3.5) and at high pH values (pH >10.5). The adsorption of anionic dyes on both adsorbents is more favourable under acidic conditions (pH <3). The adsorption on chrome shavings is improved by the use of finer particles. The kinetic adsorption was also studied. Adsorption isotherms, at the optimum operating conditions, were determined. Adsorption follows the Langmuir model. The isotherm parameters have been calculated. The column technique could be applied to treat significant volumes of solutions.
Introduction
The coloured wastewaters from textile dyeing industries or flexographic groups are often composed of a high content of various dyes as well as of dissolved organic carbon (DOC), suspended solids (SS) and colloids.
Most dyestuffs are designed to be resistant to environmental conditions such as light, effects of pH and microbial attack (Pagga and Taeger 1994) . Hence their presence in wastewater is unwarranted, and it is desirable to remove colouring material from effluents before their discharge in the environment, not only for aesthetic reasons. This is important in regions where water resources might be scarce or sensitive.
The removal of these compounds at such low levels represents a difficult problem. Among the physicochemical methods employed are adsorption onto sludge from wastewater treatment plants, coagulation, flocculation, ozonation, reverse osmosis and adsorption on activated carbon, manganese oxide, silica gel and clays (Pignon et al. 2000; Nyholm et al. 1992; Arvanitoyannis et al. 1989 Arvanitoyannis et al. , 1987 Davis and Randal 1978; Pollock 1973) . The biological processes typically accomplish very little towards colour removal (Mavros et al. 1994) .
The tanned solid wastes used in this study as adsorbents are chosen for several reasons. The untanned hide collagen usually contain inorganic matter, and extractable fatty and collagenous proteins. The double functionality of collagenic proteins due to the free groups COO -and NH3 + results from the presence of an isoelectric point in the structure which integrates them. This point is the value of the pH above which the dermic substance can fix the cations by COO -group and below which the anions are fixed via the quaternization of the NH2. The isoelectric point corresponds to a minimum of reactivity of collagen because the macromolecule is electrically neutral. The delocalization of the free electrons of oxygen and nitrogen also generate the dipoles, which are suitable to fix several products. After chromium tanning, the molecular structure of collagen changes (Fig. 1) . The metal used in the form of tanning salt neutralizes the negative charges of the carboxylic groups. The chromium becomes an integral part of the structure. The NH3 + function preserves its capacity to fix the anions. During the operations of transformation of the skin, the structure and the chemical properties of collagen change considerably. The modifications can be illustrated by the variation of the isoelectric point. These modifications depend on the nature of the treatments to which the proteins are exposed (Tahiri 2002) .
The purpose of this work is the study of the removal of organic dyes from water, by adsorption on chrome shavings and buffing dusts generated in the leather industry. Batch and column experiments were carried out. 
Experimental Section/Methods

Materials
Methylene blue
Methylene blue was chosen in this study because of its known strong adsorption onto solids and its recognized usefulness in characterizing adsorptive material (Barton 1987) . It has a molecular weight of 373.9 × 10 -3 kg mol -1 , which corresponds to methylene blue hydrochloride with three groups of water (Aerdizzone et al. 1993) . The molecular structure of this dye is shown in Fig. 2 . 
Commercial textile dyes
Four textile dyes were chosen for the experiments. These were two cationic dyes (ALPACRYL blue GRLN 300% and basic yellow XGL 250%) and two anionic dyes (JK2R and VK2RL). The physicochemical characteristics (purity and structure) of these dyes are not given by the manufacturer.
Adsorbents
The production of chromium-containing solid wastes in tanneries has been recognized as a problem for many years, but recently, pressure from environmental authorities has given the problem increasing urgency. As a result, many scientific groups have oriented their research to find a process to recycle and reuse these tanned wastes (Tahiri 2002; Tahiri et al. 2001a,b; Tünay et al. 1999; Cabeza et al. 1998; Taylor et al. 1998; Brown et al. 1996; Panswad et al. 1995; A.N.R.E.D. and C.T.C. France 1982) . In this study, these wastes were used as adsorbents for removal of dyes from aqueous solutions. The tanned solid wastes used follow.
Chrome shavings
Small pieces of leather are shaved off when the thickness of wet blues is rendered uniform by a bladed cylinder. The wet blue is the wet chrome tanned leather, without dressing.
Buffing dusts
In our case, these wastes were generated after treating the surface of crust leather (without dyes) by abrasion. The crust leather is, in general, leather having undergone dressing operations (wet or mechanical) but not yet finished. Wet leather dressing includes neutralization, retanning and fat liquoring. These operations are carried out after tanning in order to give certain properties to the leather.
Waste Analysis
Chrome shavings and buffing dusts were analyzed for ash, chromium oxide, fat, dermal substance, and pH of soluble matter. The physicochemical characteristics of the wastes were analyzed as per standard methods (Dutel 1984) . Microscopic observations of the structure and morphology of the wastes were made using a scanning electron microscope (HITACHI S-4500).
Determination of Dye Concentrations in Solution
The dyes were analyzed using a spectrophotometer UNICAM UV/VIS. Wavelengths were 664 nm for methylene blue, 609 nm for ALPACRYL blue GRLN 300%, 436 nm for basic yellow XGL 250%, 385 nm for JK2R and 547 nm for VK2RL. Dye concentrations were calculated from calibration curves.
Calibration curves of optical densities against concentrations were obtained by using standard solutions of known concentrations. The calibration data were fitted by straight lines having high determination coefficients (R 2 = 0.9996-0.9999). The high values of the determination coefficients of the calibration lines observed in the present study allows us to consider that the molar extinction coefficients are constant over the concentration ranges investigated. Thus, the dye concentrations were determined with good precision. We found that there was negligible dye adsorption on the glassware. This was shown by the fact that the experimental readings were found to be constant with time.
Adsorption Procedure Adsorption comparative study between chrome shavings and buffing dusts
First of all, an adsorption study was carried out using chrome shavings and buffing dusts in order to compare their adsorption capacity. The batch adsorption experiments were carried out in Erlenmeyer flasks (250 mL) for 4 h. The temperature was 25 ± 1°C. At the end of each experiment the samples were centrifuged (4500 rpm) for 10 minutes and the supernatant was collected for determination of concentration at the maximum absorption wavelength of the dye in the visible spectrum.
Effect of granulometry on adsorption
The effect of chrome shaving size on the adsorption of JK2R and VK2RL was studied. The tests were carried out using the raw wastes, and then with particles with size lower than 212 µm.
Adsorption kinetic
An adsorption kinetic study was carried out to find the equilibrium time. A fixed mass of chrome shavings (0.644 g) or of buffing dusts (0.577 g) was continuously stirred (250 rpm) in 100 mL of aqueous solution with an initial dye concentration of 100 mg.L -1 . The temperature was 25 ± 1°C. Samples (4 mL) were withdrawn at regular times to achieve kinetic data in the form of residual concentration versus time curves. The samples were reintroduced after analysis so that the volume of the solution remained constant during the experiment.
Influence of pH on adsorption
Experiments were performed at different pH values to study the influence of this parameter on adsorption equilibrium. The pH values were adjusted using HCl or NaOH solutions.
Adsorption isotherms
Adsorption measurements were carried out as follows: for each concentration, 0.644 g of chrome shavings or 0.577 g of buffing dusts was put in 100 mL of dye solution. The pH of the solution was adjusted at the optimum value determined from influence pH study. For obtaining the adsorption isotherms, the concentrations of dyes used were in the ranges presented in Table 1 .
The mixtures were agitated by a stirring rod until the adsorbents were submerged in the dye solutions. These mixtures were maintained at 25 ± 1°C and continuously shaken at 250 rpm for the time necessary to Methylene blue/buffing dusts 30 to 100 ALPACRYL blue GRLN 300%/buffing dusts 100 to 8000 Basic yellow XGL 250%/buffing dusts 100 to 5500 JK2R/buffing dusts 100 to 2000 JK2R/chrome shavings 100 to 5000 VK2RL/buffing dusts 100 to 4500 VK2RL/chrome shavings 100 to 7000 reach equilibrium. After this time, the dye uptake onto chrome shavings or buffing dusts was calculated from the difference between the dye concentration before and after adsorption onto the studied wastes. Three replications were carried out for each concentration. Adsorption capacity (A/m, mg.g -1 ) can be calculated as the amount of solute removed, divided by the amount of adsorbent used. It was determined according to the following formula:
where C 0 is initial solution concentration (mg.L -1 ), C e is equilibrium solute concentration (mg.L -1 ), V is volume of solution (L), and m is mass of adsorbent (g).
Removal of dyes by adsorption on columns
The column adsorption experiments were carried out in glass columns, 15 mm i.d. filled with 1.287 g of chrome shavings (dry weight = 1 g) or 1.153 g of buffing dusts (dry weight = 1 g).
For the column technique, the dyes studied are JK2R and VK2RL. The initial concentration of the studied dye solutions was 100 mg.L -1 . The dye solutions were added at the top of the columns. The flow rate is about 1 mL.min -1 . The effluents were collected and analyzed as described in the previous case of batch experiments.
Results and Discussion
Physicochemical Characters of Wastes
The chrome shavings and buffing dusts, used as raw materials in this study, were analyzed for pH, ash, fat, proteins and chromium oxide and the results are presented in Table 2 . As can be seen, the analysis indicates 
Scanning Electron Micrographs of Chrome Shavings and Buffing Dusts
The scanning electron microscopic method is a good technique for showing structure and morphology of solids. The resulting micrographs reveal that the studied wastes have a highly organized structure in the form of fibres. The fibres seem to be more separated in the case of buffing dusts. The chrome shaving fibres are more parallel and very tight to each other (Fig. 3) .
Adsorption Comparative Study between Chrome Shavings and Buffing Dusts
As can be seen in Table 3 , the buffing dust sample proved to be a much better adsorbent than chrome shavings for cationic dyes. We may assume that the better adsorption on buffing dusts could be due to the products used in the wet dressing operations (retanning, fat-liquoring, etc.) (Tahiri 2002) . These products modify the wet-blue surface state. The material is partially negatively ionized and charge surface is more negative therefore adsorption is more favourable. Adsorption of methylene blue and of textile cationic dyes on chrome shavings is less effective because both adsorbent and dyes are cationic. The results also reveal that the adsorption of anionic dyes is very important on chrome shavings. The high adsorption capacities for these dyes is attributed to the net positive surface charge. The buffing dusts could be used for removing anionic dyes from aqueous solutions. This can be explained by the presence of positive charges remaining in these wastes after the wet dressing operations.
Effect of Granulometry on Adsorption
Results (Table 4) show that the contact surface of chrome shavings has a marked effect on the adsorption. The colour removed is improved by a finer granulometry.
Influence of pH on Adsorption
Dye adsorption depends on pH (Tahiri 2002) . The results obtained with cationic dyes are shown in Fig. 4 and it can be seen that pH has an obvious influence on the adsorption of these dyes onto buffing dusts. Under highly acidic conditions (pH <3.5), adsorption is less favourable. This can be attributed to competitive adsorption of protons H + . At high pH values (pH >10.5), adsorption becomes much less effective. It can be assumed that the negative effect of high pH on dye elimination is due to dissolution of some products used in the wet dressing operations.
These products are responsible for the modification of the wet-blue state surface.
The adsorption of anionic dyes on both adsorbents is also more favourable under highly acidic conditions (pH <3). This can be explained by the quaternization of the -NH 2 group. On the other hand, we have demonstrated that the adsorption of anionic dyes is less effective under basic conditions (Fig. 5 and 6 ).
As can be seen, there is a difference between Fig. 5 and 6 . The residual concentrations obtained for adsorption of anionic dyes on chrome shavings are less important than those observed for adsorption of the same dyes on buffing dusts. This is due to the nature of wastes. Chrome shavings have more positive surface charges than buffing dusts. Also on Fig. 6 there is a difference between VK2RL and JK2R. This is due to the nature of dyes. Unfortunately, we have been unable to explain this difference because the structure of these dyes is not given by the manufacturer. 
Fig. 4. Effect of pH on adsorption (cationic dyes/buffing dusts).
Adsorption Kinetics
The equilibrium time was determined by a series of measurements extending from 15 to 480 minutes at 25 ± 1°C. The curves in Fig. 7 show the residual concentration of dyes as a function of time. Results show that one hour of adsorption is generally very sufficient to reach complete equilibrium for all dye/adsorbent systems, except for the anionic dyes/ Fig. 6 . Effect of pH on adsorption (anionic dyes/chrome shavings).
Fig. 5. Effect of pH on adsorption (anionic dyes/buffing dusts).
Downloaded from https://iwaponline.com/wqrj/article-pdf/38/2/393/229072/wqrjc0380393.pdf by guest buffing dusts system. In this case, the equilibrium time is about 150 minutes. After these equilibrium times, the curves seem to reach a plateau. Therefore, we suppose that the adsorption of dyes onto the studied adsorbents has reached its maximum capacity. Consequently, these times were chosen to measure the adsorption isotherms. Increasing the time of adsorption experiments up to 50 hours did not cause desorption of the studied dyes.
Adsorption Isotherms of Batch Experiments
Adsorption isotherms were carried out with optimum pH values. For cationic dyes/buffing dust systems, tests were performed without pH adjustment because the obtained values are all in the optimum range (3.5 < pH < 10.5). For anionic dyes/chrome shavings or buffing dust systems, the pH was adjusted at 2.5.
The adsorption isotherms of studied dyes are presented in Fig. 8 , 9 and 10. The amount of dyes adsorbed increases as the concentration increases up to saturation point. Beyond this point, increasing the dye concentration will not cause further increases. This behaviour is typical of solids with a limited number of accessible sites. As long as there are available sites, adsorption will increase with increasing dye concentration, but as soon as all of the sites are occupied, a further increase in concentration will not increase the amount of dye on adsorbents.
The equilibrium adsorption isotherms are of fundamental importance to the design of adsorption systems (Lafrance et al. 1986; Stumm and Morgan 1981) . The equilibrium adsorption data could be described satisfactorily by the Langmuir isotherm: where A/m is the amount adsorbed per mass of adsorbent (mg.g -1 ), B is the maximum adsorption capacity (mg.g -1 ), C e is the equilibrium concentration of dye in solution (mg.L -1 ), and K is the equilibrium constant (L.mg -1 ). The linear form of the Langmuir expression yields the constant K and the maximum adsorption capacity B, hence: C e /(A/m) = C e /B + 1/(B K) (3) Table 5 lists the Langmuir constants K and the maximum adsorption capacities, which are calculated from a plot of equation 3. This equation gave high linearities, with a range of determination coefficient between 0.9982 and 0.9999 (Fig. 11) . The maximum adsorption capacities deter- Results show that the maximum adsorption capacities determined from the Langmuir isotherms and from the equilibrium adsorption isotherms are relatively similar. The maximum adsorption capacities (B) are very important. For example, the parameter B can reach 608.07 to 625.00 mg.g -1 for VK2RL/chrome shavings system. This encourages the use of the studied wastes as adsorbents. 
Removal of Dyes by Adsorption on Columns
The removal of dyes by adsorption on columns composed of wastes reaches equilibrium conditions when the adsorbents stop adsorbing the solute dyes. The adsorption equilibrium point is indicated by the concentration of dyes in the effluent. At this point the concentration of the dye in the effluent becomes equal to the initial concentration. Figures 12 and 13 show that for initial concentrations of dye solutions of 100 mg.L -1 , the column technique allows a complete decolourization of 500 mL of basic yel- low XGL 250% on 1 g of buffing dusts, 4700 mL of VK2RL on 1 g of chrome shavings, and 1500 mL of VK2RL on 1 g of buffing dusts. The percent amounts of basic yellow XGL 250% adsorbed on chrome shavings in the column is negligible (Fig. 12) because the dye and the adsorbent are together cationic. The adsorption equilibrium points were obtained after filtration of 5000, 10,000 and 2700 mL of dye solutions, respectively, for VK2RL/buffing dusts, VK2RL/chrome shavings and basic yellow XGL 250%/buffing dusts systems.
After the filtration tests on columns, the concentrations of chromium were determined at the point of the beginning of saturation and at the equilibrium adsorption point. Chromium was analyzed by atomic absorption spectrometry (Unicam AAS). The measuring of the concentration was carried out in the nitrous oxide/acetylene flame at 375.9 nm. As can be seen in Table 6 , the analysis shows that the chromium concentrations are lower than the value fixed by the international norms (2 mg.L -1 ) (M.E. 1996) . Thus, the wastes tested as adsorbents in this study could be used without risk for removing dyes from water.
Conclusion
In this study, the adsorbability of organic dyes onto tanned solid wastes has been demonstrated. Buffing dusts proved to be a much better adsorbent than chrome shavings for cationic dyes. The adsorption of anionic dyes is very important on the two studied wastes. The pH has an obvious influence on the adsorption of dyes onto adsorbents. Adsorption of cationic dyes is less favourable under very acidic conditions (pH <3.5) and at high pH values (pH >10.5). The adsorption of anionic dyes on both adsorbents is more favourable under acidic conditions (pH <3). Adsorption on chrome shavings is highly influenced by the contact surface of these wastes. The colour removal is improved by the use of finer particle size. The kinetic adsorption was studied. We have demonstrated that one hour is the equilibrium time for all dye/adsorbent systems, except for anionic dyes/buffing dust systems. In this case, the equilibrium is about 150 min. Adsorption isotherms, at the optimum operating conditions, were determined. It was seen that the adsorption equilibrium data fit very well to the Langmuir model in the studied concentration range. The isotherm parameters have been calculated for each system. The column technique was also applied and it was found to be a good method to remove dyes from solutions. The results look fairly promising for the potential of using chromed wastes to remove dyes from textile effluents. The study of the adsorption and removal of dyes from wastewater generated in the textile industry, on the tanned wastes, will be the objective of our later works.
